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单变量和多变量分析找出对产地区分有显著贡献的化学成分；并利用 1H NMR 谱
图积分数据建立铁观音产地 PLS-DA判别模型，模型判别准确率达 72.0%。同时，
利用近红外光谱(NIR)技术结合多变量分析判别三个产地的铁观音样本，通过一
维 OPLS-DA 载荷图找出不同产地的差异 NIR 波数段，建立基于 NIR 波谱数据
的 PLS-DA 判别模型，分类正确率达到 84.5%。最后结合 1H NMR 和 NIR 波谱
的数据特点，分析了铁观音 1H NMR 与 NIR 谱图的相关性和互补性，融合 NMR
和 NIR 数据建立的产地判别模型，对未知样品的判别正确率可达 90.2%。 


















































As an important economic crop, tea cultivation has a long history from four 
thousand years ago. Recently, an increasing demand of tea in both domestic and 
international market provided a broader stage for Chinese tea market. With the 
economic development and improvement of living standards, the tea quality is being 
concerned much more than before. 
Artificial assessment has been a predominant method to grade the quality of tea 
for a long time. It mainly determine the overall quality of tea from five aspects 
including shape, aroma, color of soup, taste and leaves. However, this sensory 
approach requires higher professional knowledge of the evaluators and its results may 
be easily influenced by external factors. The lack of quantitative data support is also a 
drawback of this method. Therefore, a new method is demanded for accurately and 
unbiased quantifying the chemical compositions of tea by combining pattern 
recognition technique for origin traceability and year characterization. It is meaningful 
for the standardization of tea market and the protection of the consumer’s interests. 
The main contents of this thesis are as follows: 
1、One dimensional 1H nuclear magnetic resonance (1H NMR) spectroscopy is 
applied to discriminate the origin of the Tieguanyin (TGY). The chemical 
compositions with significantly contribution to origin discrimination were identified 
via univariate and multivariate analysis. The partial least squares-discriminant 
analysis (PLS-DA) model based on 
1
H NMR dataset for origin traceability is 
established whose discrimination accuracy achieves 72.0%. Meanwhile, near infrared 
technique (NIR) combined with multivariate analysis is also used to identify the 
origins of TGY tea samples. The wave numbers of NIR contributed to pairwise origin 
discrimination were screened out while the corresponding accuracy of PLS-DA model 
was 84.5%. Finally, 
1
H NMR spectra are integrated with NIR spectra to systematically 
survey the correlation and complementarity relationship of these two spectral dataset. 
A novel PLS-DA model for origin traceability based on combinational NMR-NIR data 
is established which a 90.2% discriminant accuracy is obtained.  
2、Thirty-six Fuding white tea samples with five collection years are studied by 
NMR technology and multivariate statistical analysis. At the same time, the 
concentration alterations of caffeine, amino acid, catechins and carbohydrates in 















storage time and chemical composition are charecterized, which provides a 
quantitative basis for further study of its medical and economic value. 
In this study, NMR and NIR spectral data are combined to establish a robust 
origin discriminant model for Anxi TGY tea samples. Meanwhile, concentrations of 
chemical composition in Fuding white tea are characterized with different collection 
years. These studies would provide a scientific and effective method for quality 
assessment of tea and act as a reference for quality control of other food varieties.  
 










































































核磁共振(NMR, Nuclear magnetic resonance)是自旋不为零的原子在磁场作
用下自旋能级发生塞曼分裂，通过共振吸收电磁波能量，吸收能量后氢原子发生
跃迁，同时发出一定频率的信号，就可以得到核磁共振氢谱信号。氢原子根据不



































英国帝国理工大学 Nicholson 小组利用 NMR 分析生物样品代谢组成，并将
NMR 技术与多元统计方法相结合，为 NMR 数据分析与解释提供了可靠的科学
理论[17-19]。Belton 等人[20]研究了不同品种的苹果汁的化学成分差异，将主成分分
析和线性判别分析应用于 1H NMR 波谱，实现不同品种苹果汁的判别，同时利用
OPLS-DA载荷图找出不同品种苹果汁之间的显著性差异代谢物(苹果酸和蔗糖)。
Duarte 等人[21]曾利用一维高分辨核磁共振谱和二维 COSY 谱归属并确认啤酒中
的三十几种化合物，结合多变量分析识别出不同品牌的啤酒差异主要为芳香型代
谢物，为实现啤酒质量控制提供了依据。Graham[22]等人利用 1H NMR 谱图结合
主成分分析对欧洲四个不同品系的 20 个小麦样品进行了研究，提取两周龄植株
叶子的代谢物成分进行 1H NMR 实验，从谱图中归属出氨基酸类、糖类等常见的
化合物共 16种；对 1H NMR 数据进行 PCA 分析，在 PCA得分图中同一品系的
小麦聚集在一起，不同品系之间明显分开。最后利用载荷图得到了不同品系小麦
之间的差异成分，研究结果显示胆碱、甜菜碱、果糖、葡萄糖、蔗糖等是造成四
种不同品系小麦显著性差异物质。Keymanesh[23]等人利用 NMR 和 FTIR 方法对
转基因大米和非转基因大米进行研究。他们分别采集了 10 个非转基因大米和它







































(2) 测量快速、光谱信息含量丰富。NIR 仪器测量时间短，一般 5分钟左右
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